Abstract. Aberrant expression of microRNAs (miRs) serves essential roles in the generation and progression of various types of human cancer. In the present study, the expression and biological functions of miR-381 in human gastric carcinoma (GC) were focused upon. The results of reverse transcription-quantitative polymerase chain reaction analysis revealed that the expression of miR-381 was significantly downregulated in GC tissue samples. Furthermore, low expression of miR-381 was identified to be associated with lymphatic metastasis and advanced tumor-node-metastasis stage (III+IV). Upregulation of miR-381 inhibited the migration and invasion of GC SGC-7901 cells through SRY-Box 4 (SOX4)-mediated epithelial-mesenchymal transition. Finally, long non-coding (lnc) RNA-taurine upregulatedted 1 (non-protein coding) (TUG1) was confirmed as a negatively regulator of miR-381 expression in SGC-7901 cells. Taken together, the results of the current study indicate that the downregulation of miR-381 by lncRNA-TUG1 promoted the metastasis of GC cells by inhibiting SOX4. Thus, targeting miR-381 may be a novel therapeutic option for the treatment of patients with GC.
Introduction
Gastric carcinoma (GC) is one of the most common types of gastrointestinal cancers (1) . Local and systemic metastasis mainly decided its poor prognosis (2) . At present, identifying the potential molecular target of the metastatic process is critical for the diagnosis and treatment of gastric carcinoma.
MicroRNAs (miRNAs) are a subset of noncoding transcripts shorter than 25 nucleotides (3) . Despite of their short length, miRNAs have been confirmed to act vital important roles in various biological processes including glycometabolism (4), angiogenesis (5) , cell growth (6) and movement (7) .
MicroRNA-381 (miR-381) was shown to serve as a tumor suppressor in breast cancer (8) , chondrosarcoma (9) , osteosarcoma (10) and ovarian cancer (11) . In these cancers, the expression levels of miR-381 were commonly downregulated; over-expression of miR-381 in vitro could play anti-cancer roles by growth arrest and metastasis inhibition through targeting Cx43, VEGF-C, LRRC4 and YY1. However, the expression and functions of miR-381 in gastric carcinoma are still unclear. Recently, long noncoding RNAs (lncRNAs) were found to act as a sponge of microRNAs and regulate the expression and function of microRNAs (12) , but there is still no study to investigate whether miR-381 can be regulated by lncRNAs.
In this study, we revealed that the expression of miR-381 was significantly downregulatedted in GC tissues, especially in metastatic patients. Functionally, we found that over-expression of miR-381 could inhibit the metastatic ability including migration and invasion, as well as epithelial-mesenchymal transition (EMT) of GC cells through targeting SOX4. Furthermore, the present study elucidated that long noncoding RNA TUG1 was a direct negative regulator of miR-381 expression in gastric carcinoma.
Materials and methods
Patients and cell culture. All protocols were approved by the Huaxi Hospital Ethics Committee (Chengdu, Sichuan, China). Gastric carcinoma tissues and matched tumor-adjacent tissues were collected from 60 GC patients including 36 males and 24 females who received surgical resection between April 2013 and June 2015. The age range was between 45 and 73 years, and the median age was 54 years.
GES-1, BGC-823, MGC-803, SGC-7901 and MKN28 cells were bought from American Type Culture Collection and cultured in Dulbecco's modified Eagle's medium (DMEM; Invitrogen; Waltham, MA, USA) containing 10% fetal bovine serum (FBS, Gibco, Grand Island, NY, USA), 1% penicillin and 1% streptomycin.
Real time quantitative reverse transcription-PCR (qRT-PCR).
TRIzol (Life Technologies, Grand Island, NY, USA) regant was used to isolate total RNA from tissues and cells according
MiR-381 inhibits migration and invasion in human gastric carcinoma through downregulatedting SOX4
to the instructions. To determine the expression levels of miR-381, SOX4 mRNA and lncRNA-TUG1, a quantitative one-step Perfect Real Time RT-qPCR (SYBR-Green I) kit (Takara Biotechnology Co., Ltd., Dalian, China) was used to synthetize cDNA and amplify target genes. MiR-381 and RNU6 Bulge-Loop™ primers were purchased from RiboBio Co., Ltd. (Guangzhou, China). SOX4, lncRNA-TUG1 and GAPDH primers were synthetized by Sangon Co., Ltd. (Shanghai, China). Sequences of these primers were shown as follow. SOX4 primers: 5'-AGC GAC AAG ATC CCT TTC ATT C-3' (forward) and 5'-CGT TGC CGG ACT TCA CCT T-3' (reverse); lncRNA-TUG1: 5'-TAG CAG TTC CCC AAT CCT TG3-3' (forward) and 5'-CAC AAA TTC CCA TCA TTC CC-3' (reverse); GAPDH: 5'-CGG AGT CAA CGG ATT TGG TCG TAT-3' (forward) and 5'-AGC CTT CTC CAT GGT GGT GAA GAC-3' (reverse). GAPDH was used as an endogenous control for SOX4 and lncRNA-TUG1. RNU6 served as an endogenous control for miR-381.
Cell transfection. The miR-381 mimics, negative control mimics (miR-NC), siRNAs against lncRNA-TUG1 (forward: 5'-CCC UCC AUG AAU ACC UGA ATT-3', reverse: 5'-UUC AGG UAU UCA UGG AGG GTT-3') and the negative control siRNA (si-NC) were bought from RiboBio Co., Ltd. These mimics and siRNAs mentioned above were transfected into GC cells with Lipofectamine 3000 according to the manufacturer's instructions (Invitrogen, Waltham, MA, USA).
Wound healing assay. SGC-7901 cells were transfected with miR-381 mimics or NC mimics for 24 h. Cells were seeded onto six-well plate until the fusion reached above 90%. 100 µl tip was used to make a wound at the middle of the well. Remnant cells were washed away by PBS. Serum-free DMEM medium was used to culture cells for 48 h. The healing of the wound was observed under the inverted microscope.
Transwell assay. GC cells were re-suspended with serum-free DMEM medium at a concentration of 2.5x10 5 /ml. 200 µl cells were seeded onto the upper well of Matrigel-coated (BD Biosciences, Franklin Lakes, NJ, USA) 8-µm pore Transwell inserts (Nalge Nunc International, Penfield, NY, USA) for invasion assay or uncoated transwell inserts for migration assay. 750 µl DMEM medium with 10% FBS was added to lower chamber. Cells were cultured 24 h for invasion assay or 48 h for migration assay. After that, cells in the lower surface were stained with 0.1% crystal violet, and cell numbers were counted from 10 random fields of the lower surface of the filter.
IHC staining. SP link IHC Detection Kits (Biotin-Streptavidin HRP Detection Systems, SP-9001, including goat-rabbit secondary antibodies) was purchased from Zhongshan Golden Bridge Biotechnology, Inc. (Beijing, China). In brief, rabbit anti-human polyclonal SOX4 (ab80261, dilution, 1:100) antibodies were purchased from Abcam Biotechnology, Inc. (Cambridge, MA, USA) and used to detect the protein expression in GC tissues. Tissue sections were incubated with primary antibodies at 4˚C overnight. Goat-rabbit secondary antibodies were used to combine the primary antibodies. The protein location and expression intensity were visualized by 3,3-Diaminobenzidine tetrahydrochloride (DAB; Zhongshan Golden Bridge Biotechnology, Inc.). The staining results for the SOX4 were semi-quantitatively calculated by multiplying the staining intensity and the percentage of positive normal cells, as previously reported (13) .
Luciferase reporter assay. The 3'-untranslated region (UTR) sequence of SOX4 predicted to interact with miR-381 and a mutation type were synthesized and inserted into the XbaI and FseI sites of the pGL3 control vector (Promega Corporation, Fitchburg, WI, USA). These constructs were named as wild-type SOX4 3'-UTR and mutant SOX4 3'-UTR. The reporter luciferase activity assay was performed using the Dual-Luciferase ® Reporter Assay System (Promega Corporation) according to the instructions.
Western blot analysis. A total of 40 µg protein of each sample isolated by RIPA lysis buffer (BioMed, China) was separated on SDS-PAGE gel and transferred onto a nitrocellulose membrane (Invitrogen). The membranes were incubated with the following primary rabbit anti-human antibodies purchased from Abcam Biotechnology, Inc. at 4˚C overnight: SOX4 (ab80261, dilution at 1:1,000), E-cadherin (ab15148, dilution at 1:1,000), N-cadherin (ab18203, dilution at 1:1,000), Vimentin (ab16700, dilution at 1:1,000) and GAPDH (ab9485, dilution at 1:1,000). Then, the membranes were incubated with HRP-conjugated goat anti-rabbit secondary antibodies (ASR1038, ABGENT, WuXi, China, dilution at 1:5,000), and the signal were detected using the Bio-Rad Gel imaging system.
Statistical analysis. All quantitative data are expressed as (mean ± SD). The Statistical Product and Service Solutions v21.0 software (SPSS 21.0, IBM, Armonk, New York, USA) was used to perform statistical analysis. The Pearson's Chi-square test and the Student's t-test were performed in this study. P<0.05 showed statistically significant difference.
Results

MiR-381 expression is downregulatedted in GC tissues.
We detected the expression of miR-381 by qRT-PCR in 60 paired GC tissues and tumor adjacent tissues. Compared with tumor adjacent tissues, lower expression level of miR-381 was detected in GC tissues (P<0.05, Fig. 1A) . Further, we divided these 60 GC patients into two groups according to their metastatic status. PCR results showed that the expression of miR-381 in tumors with metastasis was significantly lower than those without metastasis (P<0.05, Fig. 1B) . To determine the clinical values of miR-381, we used the mean expression level of miR-381 as a cut-off value to divide 60 GC tissues into two groups: miR-381 high expression group (n=24) and miR-381 low expression group (n=36). As shown in Table I , low expression of miR-381 was associated with lymphatic metastasis (P=0.031) and advanced TNM stage (III+IV, P=0.003). These results indicated that miR-381 was related to tumor metastasis.
MiR-381 was associated with migration and invasion of SGC-7901 cells.
Because the expression of miR-381 was related to the metastasis in gastric cancer, we wanted to confirm whether miR-381 influenced migration and invasion on GC cells. First, we detected the expression levels of miR-381 in four GC cell lines (BGC-823, MGC-803, SGC-7901, MKN28) and a normal gastric epithelial cell line (GES-1). qRT-PCR data showed that the expression levels of miR-381 on these four GC cell lines, especially on SGC-7901 cells, were lower than that in GES-1 cells (P<0.05, respectively, Fig. 2A) . Next, we transfected miR-381 mimics into SGC-7901 cells to successfully upregulatedte its expression (P<0.001, Fig. 2B ). Then, we used wound healing assays to confirm that miR-381 over-expression significantly inhibited the migration of SGC-7901 cells (P<0.05, Fig. 2C ). Transwell assays also confirmed the effect of miR-381 for cell migration in vitro (P<0.05, Fig. 2D ). Moreover, we still used the transwell assays to investigate the functions of miR-381 for cell invasion. As shown in Fig. 3E , compared with the negative control mimics group, upregulatedtion of miR-381 expression in SGC-7901 cells significantly decreased the invaded cell numbers (P<0.05). Taken together, these data suggested that miR-381 could attenuate the metastatic ability of SGC-7901 cells.
MiR-381 inhibited the epithelial-mesenchymal transition through downregulatedting SRY-Box 4.
To investigate the mechanisms by which miR-381 inhibits GC metastasis, we screened the target genes of miR-381 through online databases (TargetScan: http://www.targetscan.org/and MiRanda: http://www.microrna.org/). SOX4 was predicted as a potential downstream target of miR-381 according to the bioinformation analysis. To confirm the relationship between miR-381 and SOX4, first, we detect the expression of SOX4 in SGC-7901 cells which were transfected with miR-381 mimics. As shown in Fig. 3A , both the mRNA and protein expression levels were downregulatedted when we overexpressed miR-381 in SGC-7901 cells (P<0.05, respectively). Second, we detected the protein expression levels of SOX4 in GC tissues by IHC and demonstrated that the protein expression of SOX4 was higher in miR-381 low-expression group than in miR-381 high-expression group (P<0.05, Fig. 3B ). Finally, we used a Dual-Luciferase ® Reporter Assay System to confirm that miR-381 decreased the luciferase activity of SOX4 containing a wild-type (wt) 3'-UTR but did not suppress the activity of SOX4 with a mutant (mt) 3'-UTR (P<0.01, Fig. 3C and 3D ). Epithelial-mesenchymal transition (EMT) was characterized as an important mechanism for human cancer metastasis. Because Sox4 has been considered as a master regulator of EMT in human cancers, we hypothesized that miR-381 could attenuate EMT of SGC-7901 cells through inhibiting SOX4 expression. So, we detected the protein expression levels of epithelial marker (E-cadherin) and mesenchymal markers (N-cadherin and vimentin) by immunoblotting. As shown in Fig. 3E , upregulatedtion of miR-381 in SGC-7901 cells resulted in significantly increase of E-cadherin expression (P<0.05) and decrease of N-cadherin and vimentin expression (P<0.05, respectively). Table I . Clinical correlation of miR-381 expression in GC (n=60). 
miR-381 ---------------------------------------------
MiR-381 was negatively regulated by long noncoding RNA TUG1.
It has been demonstrated that miRNAs can be downregulatedted through complementing with long noncoding RNAs (lncRNAs) (12) . In this study, we found a negative relationship between long noncoding RNA TUG1 (lncRNA-TUG1) and miR-381 in GC tissues (P<0.01, Fig. 4A ). LncRNA-TUG1 knockdown by siRNA could significantly increase miR-381 expression in SGC-7901 cells (P<0.001, Fig. 4B ). These results partly explained the reason of low miR-381 expression in GC tissues.
Discussion
Metastasis including lymphatic metastasis and distant metastasis are the important risk factors for the poor prognosis of gastric carcinoma patients (7). Recently, microRNAs were demonstrated to play an important role in cancer metastasis (14) . In breast cancer, miR-181b could inhibit CCL-18 induced cell migration and invasion through targeting NF-κB (15) . In endometrial cancer, over-expression of microRNA-205 predicted tumor lymph node metastasis and poor prognosis (16) . These evidences indicated that microRNAs might become a potential target for tumor metastasis control.
In the present study, we focused on miR-381, which exerted anti-cancer roles in breast cancer, osteosarcoma, colorectal cancer and hepatocellular carcinoma. However, the expression and biological functions in gastric carcinoma are still unclear. In order to elucidate these questions, first, we detected the expression levels of miR-381 in 60 paired gastric carcinoma tissues and matched tumor adjacent tissues, and found that miR-381 was downregulatedted in cancer tissues. Clinical data showed that low expression of miR-381 are correlated to lymphatic metastasis and advanced TNM stage. Interestingly, we demonstrated that gastric carcinoma tissues with metastasis had lower expression levels of miR-381 than those without metastasis. These results indicated that miR-381 could be served as a metastasis suppressor in gastric carcinoma.
Previous studies have shown that miR-381 has various biological functions in human cancers. For tumor growth, miR-381 could inhibit cell proliferation in colon cancer through targeting LRH-1 (17), in glioma through targeting BRD7 (17) and in renal cancer through targeting WEE1 (18) . MiR-381 also could sensitize glioblastoma cells to temozolomide by targeting neurofilament light polypeptide (19) . In the present study, the results of wound healing assays showed that over-expression of miR-381 inhibited the migration of gastric carcinoma cells. The transwell chamber assays further confirmed this effect. Moreover, the transwell results also showed that upregulatedtion of miR-381 suppressed cell invasion remarkably. Therefore, our results showed that miR-381 could impair the metastatic ability of gastric carcinoma cells.
Online databases result showed that SOX4, a member of the SOX (SRY-related HMG-box) family of transcription factors, might be a direct target of miR-381. In vitro, we demonstrated that miR-381 inhibited SOX4 expression through binding to its 3'-UTR in SGC-7901 cells. Moreover, patients with low expression levels of miR-381 exerted high SOX4 protein expression levels. EMT caused tumor metastasis has been well established (20) . Even, in general, SOX4 didn't bind to the promoters of EMT markers to regulate their expression (21) , but SOX4 has been demonstrated to promote the EMT in lung cancer (22) and prostate cancer (23) . Data showed that a SOX4/EZH2 protein complex could be formed to bind to promote serval EMT related transcription factors expression, such as Snail, Zeb, and Twist (20) . In order to know whether miR-381/SOX4 axis could regulate the EMT in gastric cancer, we detected three markers of EMT and found that miR-381 overexpression increased the endothelial marker's (E-cadherin) expression whereas inhibited mesenchymal makers' (N-cadherin and vimentin) expression. These results may explain why miR-381 could inhibit migration and invasion of SGC-7901 cells.
LncRNA TUG1 has been demonstrated to be overexpressed in gastric carcinoma and acts a metastasis inducer (24) . In the present study, we confirmed a negative correlation between lncRNA TUG1 and miR-381 in their expression levels. The expression of miR-381 can be rescued after inhibition of lncRNA TUG1 in vitro. These demonstrated that lncRNA TUG1 could inhibit the expression of miR-381 in gastric cancer cells.
In conclusion, the present study demonstrates for the first time that the expression of miR-381 is significantly decreased in gastric cancer tissues, especially in cancer tissues with metastasis. MiR-381 can inhibit the metastatic behaviors and EMT of SGC-7901 cells. Furthermore, lncRNA TUG1 can inhibit the expression of miR-381 in gastric carcinoma.
